Background: The anatomical features of the radial artery influence the transradial
Introduction
As the internal diameter of the femoral artery is large, the puncture site can conveniently be located, puncturing is easy, thus, it is used for initial coronary intervention [1] . However, due to important vascular and nerve companions with the femoral artery pathway and the anatomical position is deeper, there are complications such as puncture site bleeding; thus, interventionists realize the drawbacks of the femoral artery approach. The transradial(TR) approach for percutaneous coronary intervention (PCI) has been shown to decrease vascular complications and improve clinical outcomes compared with the transfemoral approach (TF) in both young [2] and elderly patients [3] . The TR-PCI is associated with a lower risk of access site bleeding and hematoma [4] [5] , early patient ambulation [6] , shorter length of hospital stay [7] , and lower hospital costs [8] [9] . Therefore, the radial artery (RA) approach has been widely used as an alternative access for coronary intervention in many centers [10] . However, because of the variation in the radial artery, it is prone to spasm, and puncturing is not easily accomplished [11] , it is also possible that intubation difficulty and radial artery occlusion may occur [12] .
The purpose of this study is to analyze the anatomical features of the radial artery in the Xinjiang population, its clinical predictive factors and impact on the transradial artery coronary intervention, therefore providing an information about anatomical features of radial artery to the interventionists to select the appropriate interventional instruments and operation routes.
Materials and methods

Study population: A total of 1731 patients who underwent transradial coronary
intervention for the first time during the period of January 2016 to June 2016 in People's Hospital of Xinjiang Uyghur Autonomous Region. The inclusion criteria were as follows:
1) positive Allen′s test; 2) the patients underwent first-time transradial coronary procedures and simultaneously completed angiography of the radial artery 3) the patient signed an informed consent form. The exclusion criteria were as follows: 1) negative Allen′s test; 2) faint or no radial artery pulse; 3) failure of the radial artery puncture or requiring alternative arterial access to complete the angiography; 4) previously performed transradial intervention; 5) patients with peripheral vessel disease.
2. Methods: All patients were examined for the inner diameter of the right radial artery by ultrasound. Measurement of the radial artery diameter was made at a point approximately 2cm proximal to the styloid process, where the puncture of the radial artery is usually made. A mean of three readings was taken for the diameter of the radial artery, and then radial artery angiography was undertaken, recording the anatomic variation of the radial artery. If the procedure failed, the route changed to the right radial artery or the femoral artery route, which to change was left to the interventionist's discretion. 
Definition of anatomical variations
Variations in the radial artery were defined as [12] anatomical variations in the radial artery, including abnormal origin of the radial artery, radioulnar loop and tortuous configuration. The site of abnormal origin was determined relative to the intercondylar line of the humerus. This line represented the proximal border of the antecubital fossa.
Bifurcation of the brachial artery proximal to this line was considered to be abnormal origin of the RA. A radioulnar loop was defined as the presence of a full 360° loop of the RA distal to the bifurcation of the brachial artery. Tortuous configuration of the RA was defined as the presence of maximum angulation of >90°.
Definition of procedure length of time the time period between the beginning of pushing the guidewire into the radial artery and the head end of the catheter reaching the sinus of the aorta was recorded. If the procedure was not succeed, it was necessary to change the access site, and it included all of the procedure time, which was used for disinfection of the new puncture site, puncturing the new puncture site, etc.
Results
1.
Characteristics of the inner diameter of the radial artery and its related factors：For all patients, the mean diameter of the adial artery was 3.01±0.14 mm, and the diameter of the radial artery was greater than a 6F Cordis sheath in 98.5% (1705/1731) of the patients and greater than a 7F Cordis sheath in 9.5% (164/1731) of the patients. A comparison of the relevant factors for radial artery diameter are presented in table 1. 
*Significant differences
The results showed that height, female gender, and occupation of farmer are significantly associated with the radial artery diameter (P<0.001).
The incidence of radial artery variation and types:
The total incidence of radial artery variation in the Xinjiang population is 4.97% (86/1731); the incidence in females is higher than the incidence in males (14.5% vs 3.32%, P<0.001). The incidence in various ethnic groups is: Hanzu: 5.17% (38/735), Uyghur: 5.59% (41/733), Hui zu:
2.98% (4/134), Kazakh: 3.15% (3/95), and other ethnic groups 0% (0/34).
There were several types of variations found: radial artery tortuous, radioulnar loop and abnormal origin of the radial artery; see Figure 1 .
A: tortuous B: loop C: abnormal origin cases of patients with radial artery variation, 23 cases required changing the radial artery access, 9 cases changed to the opposite radial artery access, which included 2 cases of abnormal origin of the radial artery, 1 case of radial artery loop, and 6 cases of radial artery tortuosity. A total of 14 cases changed to femoral artery access, which included 3 cases of abnormal origin of the radial artery, 4 cases of radial artery loop, and 7 cases of radial artery tortuosity, see table 3. 
*Significant differences
The results showed：in the comparison of age, weight, height, inner diameter, female gender, occupation of farmer, smoking, drinking alcohol and hyperlipidemia, the differences between the two groups are significant (P<0.05).
The related factors for radial artery variation were analyzed with multivariate logistic regression,see table7. The results of table7 indicated that gender (OR=2.72， 95%CI 1.469-5.037, P < 0.01), occupation (OR=2.228，95%CI 1.0.000-0.012, P < 0.001), and inner diameter of the radial artery (OR=0.002，95%CI 0.000-0.012, P < 0.001) are significantly associated with the existence of radial artery variation; the risk of radial artery variation in females is 2.72 times as high as males. The risk of radial artery variation in farmers is 2.228 times as high as cadres, and the incidence of radial artery variation decreases 500 times with every additional 1mm of radial artery diameter.
Discussion
The transradial approach was initially described by Campeau [13] [14] in 1989 and is the common access sites for cardiac catheterization. Although the radial approach has been shown to be an effective alternative that reduces vascular complications [15] [16] , because of the existence of radial artery variation, it cannot be used in all patients. Our study analyzed the anatomical features of the radial artery and their impact on transradial coronary intervention，the predictive factors for radial artery variations.
1.features of the radial artery diameter：
The mean inner diameter of all patients is 3.01±0.14 mm, and the inner diameter of the radial artery was greater than a 6F Cordis sheath in 98.5% (1705/1731) of patients and greater than a 7F Cordis sheath in 9.5% (164/1731) of patients. The 6F and 7F
Cordis sheath tubes, which have an outer diameter of 2.67 mm and 3.02 mm, respectively, are commonly used in coronary interventions. Saito,et [13] reported that the incidence of post-TRI stenosis and shunt of the radial artery dramatically increases when the ratio of the inner diameter of the radial artery to sheathing tube is <1.0, it is reported that [17] ：it increase the occurrence of radial artery occlusion and the risk of medial dissections if the diameter/sheath ratiois ≤1. Therefore, it is safe to utilize a sheath tube, which has a smaller outer diameter than radial artery diameter; thus, it is important to evaluate the radial artery diameter by relevant factors to avoid complications.
related factors of radial artery diameter：Multivariate analysis showed that
gender, height, and occupation are significantly associated with radial artery diameter.
The results of this study are different from other report [13] that: gender, weight, and diabetes affect the radial artery diameter. There is a coincidence in two reports: gender is the relevant factor for radial artery diameter; in the other report, the different is: other researcher repoted: weight are positively effect radial artery diameter, this study found that: height are relevant whith it, in some means: weight hase direct portion with highet ,therefore it can be seen that two report are same in a sense, As far as diabetes, others reported that diabetes affects the radial artery diameter, although in our study, the univariate-factor analysis, diabetes was shown to be relevant for the radial artery diameter, it can be seen that the two reports are the same in a sense.
1.2 Analysis of the related factors of radial artery diameter:
1.2.1
The correlation between height and radial artery diameter：Height is the relevant factor for the radial artery diameter, and radial artery diameter increases 0.004mm with every additional 1cm increase in height. Normally, the diameter of every organ of the body is correspondingly related to body stature diameter, so there is no strange to association between radial artery diameter and height.
1.2.2
The correlation between gender and radial artery diameter: The result of our study：The mean inner diameter in female is smaller than in male, all of the female body diameter is smaller than the male and corresponds with a smaller radial artery diameter.
1.2.3
The correlation between occupation and radial artery diameter：The radial artery diameter of farmers is smaller than cadres and may have to do with the heavy activity of a farmer's life, and heavy activity may impact the diameter of the radial artery.
2. The incidence of radial artery variation and its predictive factors： 2.1. The incidence of radial artery variation is reported differently in different literature. It is 16.2% in the populatuion of southeren China [13] ,According to the Autopsy study, the incidence of upper limb artery variation is 4%-18.5% [18] . In patients who accepted transradial coronary intervention, the incidence of radial artery variation is 7.4% to 22.8% [18-20 、 21] found by angiographic examination.
This study found that the incidence of radial artery variation is 4.97% (86/1731).
These data are lower than other data [13] because our study's scope is smaller, and is limited to the anatomical variation of the radial artery. The other researcher's study includes the variation of the radial artery and the upper limb artery，including radial artery variation, humerus artery variation, subclavian artery variation etc.
it is reported that [13] the failure rate of transradial artery coronary intervention is 1.8% in the normal radial artery group and 22.8% in the radial artery variation group. In our study, the failure rate of transradial artery coronary intervention is 1.5% in the normal radial artery group and 26.7% in the radial artery variation group. It can be seen that radial artery variation is the main cause for failuring of transradial artery coronary intervention. Different studies have reported differently about the failure rate of coronary intervention by the radial artery [12, 18, [21] [22] [23] . The reason for these differences may be related to several factors, including the technical level of the surgeons and the existence of radial artery variation.
2.2.
Predictive factors for radial artery variation: Multivariate analysis showed that the radial artery diameter, gender,occupation have predictive value for the existence of radial artery variation. It is reported that [13] the predictive factors for radial artery variation in Southern China population are: advanced age, female gender, short stature, body mass index, hypertension, hyperlipidemia, smoking, etc. There are some differences in the reports of the two studies; possible reasons are that on the one hand our scope of research is smaller than other researchers and is limited to the anatomical variation of the radial artery. The other researchers study includes the variation of the radial artery and the upper limb artery, including radial artery variation, humerus artery variation, subclavian artery variation, etc. On the other hand, the study population is not the same and is relevant to the stature characteristics, habits and customs.
Analysis of the predictive factors for radial artery variation：
2.3.1
The correlation between diameter and radial artery variation: The smaller the inner diameter is, the more prone to radial artery variation, perhaps the smaller the inner diameter is the more prone the tissue of the artery to relaxing, the more thin, and the more it impacts the changing of the structure of the radial artery.
2.3.2
The risk of radial artery variation in females is 2.72 times as high as males, and the vessels are smaller and thinner in females than in males, females become nervous more easily than males, and this factor might influence the radial artery resulting variation.
2.3.3
The risk of radial artery variation in farmers is 2.228 times as high as cadres; the possible reasons are that a farmer's life is long-term dominated by heavy physical activity, and a cadre's life is dominated by mental labor; thus, in the farmer's life, heavy physical activity causes the radial artery to pull, and nervous spasm may be the result of the variation of radial artery.
Study limitation
In this study, The categorization of patient's occupation was based on the basic information from when patients were hospitalized. In our study, it was deemed that a farmer's life is dominated by heavy physical activity, and a cadre's life is dominated by mental labor; the specific labor time and its volume of active strength was not specifically recorded, analyzed and compared. There are no past reports about this; therefore, this report has a certain value for evaluating the correlation between occupation and radial artery diameter、radial artery variation. The specific reason needs further study.
Conclusions
To sum up, height, gender, occupation were correlated with radial artery diameter.
radial artery diameter, gender， occupation have predictive value for radial artery variation.
Therefore, it is valuable to evaluate the patient's basic clinical information to estimate the radial artery diameter and to find the radial artery variation before the operation, as information about the radial artery diameter and abnormal anatomy of the radial artery can be given to the interventionists. It is convenient for the interventionists to choosing the appropriate equipment and operation route, thus preventing complications, optimizing the operation procedures, and shortening procedure time, fluoroscopy time and radiation dose, and improving the operation's success to reduce the patient's pain. 
